Introduction {#cesec10}
============

Several decades ago, the health burden of infectious diseases was believed to be becoming insignificant, because basic sanitation, proper nutrition, drugs, and vaccines had caused a steady decline in overall incidence and mortality.[@bib1] However, the threat of serious infectious diseases to human and animal health persisted,[@bib2] with infectious diseases remaining a leading source of human morbidity and mortality.[@bib3] Of 57 million deaths per year reported worldwide, 14·9 million were attributed to infectious diseases, representing more than 25% of all deaths.[@bib4] In the global human population, 335 infectious diseases emerged between 1940 and 2004.[@bib5]

In China, the yearly incidence of 18 consistently reported infectious diseases decreased rapidly from 1970 to 2007, with rates falling from more than 4000 per 100 000 people to less than 250 per 100 000.[@bib3] However, these reported data also indicated that the incidence of infectious diseases rose after 2004,[@bib3] and several outbreaks of emerging and re-emerging infectious diseases (eg, severe acute respiratory syndrome \[SARS\],[@bib6] avian influenza A H5N1,[@bib7] pandemic H1N1 influenza,[@bib8] poliomyelitis,[@bib9] and avian influenza A H7N9)[@bib10] have been reported in the 21st century. The SARS tragedy in 2003 greatly afflicted China and revealed the shortcomings of China\'s infectious disease prevention system, propelling the Chinese Government to accelerate reforms.[@bib11] The model of infectious diseases prevention and control in China was changed significantly from non-collaborative prevention and control to joint, multisectorial, integrated prevention and control strategies.[@bib12] Moreover, to comprehensively improve infectious disease prevention and control, major special national science and technology projects on prevention and control were started in China at the end of 2008.[@bib13]

Understanding the epidemiological distribution of infectious diseases is the most important task for controlling infectious diseases.[@bib5] However, the specific geographic patterns and temporal trends of major infectious diseases in the post-SARS era have been researched rarely. In this study, we aimed to assess specific incidence and mortality trends of 45 notifiable infectious diseases from 2004 to 2013 in China and to investigate the overall effectiveness of current prevention and control strategies.

Research in context**Evidence before this study**We searched PubMed on Dec 20, 2016, with the terms "infectious disease" AND "trend" AND ("tuberculosis" AND "hepatitis B" AND "hand, foot and mouth disease") for articles published in English. Our search did not identify any reports of trends and epidemiological features of infectious diseases in China in the period after the severe acute respiratory syndrome (SARS) outbreak in 2003. We retrieved one report from 2013 of morbidity and mortality characteristics of infectious diseases in China, and we found another report of emergence and control of infectious diseases in China before 2004, including data for 18 infectious diseases. However, the model of infectious disease prevention and control has changed significantly since 2003, when the great tragedy of the SARS outbreak revealed the shortcomings of China\'s infectious disease prevention system and propelled the Chinese Government to accelerate reforms. Based on literature searches in PubMed after the 2003 SARS outbreak, no complete, systematic, long-term, and comprehensive description of infectious disease characteristics and trends has been made available.**Added value of this study**Our study describes the epidemiological features and evolution of 45 infectious diseases (an increase from the previous report of 18 diseases) from 2004 to the end of 2008, when major special national science and technology projects on prevention and control in China were initiated, then from 2009 up to 2013. To our knowledge, our report covers the longest period studied in post-SARS China. The increasing trend in overall incidence of infectious diseases levelled off after 2009; the annual percentage change in 2009--13 (2·3%) was significantly lower than that in 2004--08 (6·2%).**Implications of all the available evidence**The incidence and mortality of infectious diseases has varied significantly in the post-SARS era. Effective prevention and control strategies are needed for diseases with the highest yearly incidence, including hand, foot, and mouth disease, tuberculosis, and hepatitis B, and those with the fastest rates of increase---ie, hydatid disease (echinococcosis), hepatitis C, and syphilis. The Chinese Government now has the authority to enforce joint multisectoral integrated prevention and control by collaboration between different departments and levels of administrations.

Methods {#cesec20}
=======

Data collection {#cesec30}
---------------

The Chinese Government established a routine reporting system for selected infectious diseases in the 1950s,[@bib3] with data available for 31 provinces in mainland China, covering a population of about 1·3 billion people. This system has been web-based since 2003 and operates through administrative grading responsibility and territorial management. The number of notifiable infectious diseases included in the reporting system increased from 18 before 1978 to 39 after 2013.[@bib14], [@bib15] The 39 notifiable infectious diseases are divided into three classes (A, B, and C), and these are described in the [appendix (p 1)](#sec1){ref-type="sec"}. Clinicians complete a standard case report card for infectious diseases. Epidemic reports are time-sensitive; all class A infectious diseases and pulmonary anthrax and SARS in class B should be reported through the network within 2 h of diagnosis, whereas the remaining class B and C infectious diseases should be reported within 24 h.[@bib15], [@bib16]

Procedures {#cesec40}
----------

We extracted data from the notifiable infectious disease report database, which was open and available from the public health science data centre of the Chinese Center for Disease Control and Prevention and the official website of National Health and Family Planning Commission during the study period.[@bib14], [@bib17] We obtained incidence and mortality data for the 39 notifiable infectious diseases, stratified by date (month and year), sex, age, and province. To further assess the epidemiological features of the 39 notifiable infectious diseases, we substratified viral hepatitis into hepatitis A, hepatitis B, hepatitis C, and hepatitis E; the combination of bacterial and amoebic dysentery into two separate categories of bacterial dysentery and amoebic dysentery; the combination of typhoid and paratyphoid into separate groups for typhoid and paratyphoid; and seasonal influenza into traditional seasonal influenza and influenza A H1N1 (2009 pandemic H1N1 influenza). Therefore, we assessed 45 infectious diseases, including their subtypes, in this study.

Statistical analysis {#cesec50}
--------------------

We defined incidence (per 100 000) as the number of annual incident cases divided by the population size; overall mortality (per 100 000) as the number of deaths per year divided by the total population size; and the case-fatality ratio (per 1000) as the number of annual deaths divided by the number of annual incident cases. We described seasonal distribution with a radar diagram based on monthly incidence. We standardised the incidence and case-fatality ratio for each infectious disease, from 0 to 1 according to percentile rank, and further represented data as thermodynamic diagrams.

We used joinpoint regression models ([appendix p 2](#sec1){ref-type="sec"})[@bib18] to examine incidence trends from 2004 to 2013 and to identify changes in trends between the first 5 years of the study period (2004--08) and the last 5 years (2009--13). We expressed trends as annual percentage changes ([appendix p 2](#sec1){ref-type="sec"}). We used the *Z* test to assess whether an annual percentage change was significantly different from zero. In describing trends, we used the terms increase and decrease when the slope (annual percentage change) was significant (p\<0·05). We used the term stable to refer to a non-significant annual percentage change (p≥0·05) and indicated that the incidence was maintained at a perennially stable level or that the incidence was perennially unreported or only reported sporadically.

We used IBM SPSS Modeler (version 14.1) for data extraction, sorting, and cleaning, and IBM SPSS Statistics (version 21), *R* project, and Joinpoint (version 4.3.1) for further data analysis.

Role of the funding source {#cesec60}
--------------------------

The funder had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all data in the study and had final responsibility for the decision to submit for publication.

Results {#cesec70}
=======

Between January, 2004, and December, 2013, a total of 54 984 661 cases of 45 infectious diseases were reported, resulting in an average incidence of 417·98 cases per 100 000 per year. The infectious diseases with the highest yearly incidence were hand, foot, and mouth disease (114·48 cases per 100 000), hepatitis B (81·57 cases per 100 000), and tuberculosis (80·33 cases per 100 000; [table 1](#tbl1){ref-type="table"} ; [appendix pp 3, 4](#sec1){ref-type="sec"}), which together accounted for 66% (276·38 of 417·98 cases) of the overall incidence. 35 of 45 infectious diseases were characterised by seasonal distribution, particularly acute haemorrhagic conjunctivitis (September), rubella (April to June), influenza A H1N1 (September to December), and dengue (September to October; [table 1](#tbl1){ref-type="table"}; [appendix pp 5, 6](#sec1){ref-type="sec"}).Table 1Incidence and mortality data for 45 notifiable infectious diseases**Cases (n)**[\*](#tbl1fn1){ref-type="table-fn"}**Yearly incidence (per 100 000)**[†](#tbl1fn2){ref-type="table-fn"}**Deaths (n)**[\*](#tbl1fn1){ref-type="table-fn"}**Case-fatality ratios (per 1000)Seasonal feature**Total54 984 661417·98132 6812·41April to SeptemberHFMD9 035 966114·4827120·30April to July (May to June)[‡](#tbl1fn3){ref-type="table-fn"}Hepatitis B10 730 32381·5776200·71Not significantTuberculosis10 567 04980·3329 5082·79January to MayOther[§](#tbl1fn4){ref-type="table-fn"}7 305 60155·545000·07June to December (July to August)[‡](#tbl1fn3){ref-type="table-fn"}Mumps3 212 65924·42230·007April to July (May to June)[‡](#tbl1fn3){ref-type="table-fn"}Bacterial dysentery3 190 26324·256320·20May to OctoberSyphilis2 729 51820·756710·25Not significantGonorrhoea1 355 60410·31130·01Not significantHepatitis C1 227 3259·3312281·00Not significantSeasonal influenza811 8356·17710·09March to April, September to DecemberMeasles668 1035·083920·59March to JuneAcute haemorrhagic conjunctivitis537 3914·0910·002SeptemberHepatitis A525 9824·002040·39Not significantRubella517 8303·9450·01April to JuneInfluenza A H1N1164 8923·138775·32September to December (November)[‡](#tbl1fn3){ref-type="table-fn"}HIV infection408 9553·1148 199117·86Not significantScarlet fever320 3742·4490·03May to June, November to DecemberBrucellosis287 1202·18100·04March to JulyMalaria242 3171·842360·97June to October (July to October)[‡](#tbl1fn3){ref-type="table-fn"}Hepatitis E218 4181·663581·64January to MayTyphoid145 8751·11660·45May to OctoberHaemorrhagic fever136 2801·04150011·01October to December (November)[‡](#tbl1fn3){ref-type="table-fn"}Paratyphoid69 0920·53160·23May to OctoberEncephalitis37 4850·28169645·25July to AugustSchistosomiasis36 0470·27150·42July to AugustTyphus27 1520·2140·15June to NovemberPertussis26 1500·20210·80May to AugustAmoebic dysentery25 3570·1980·32May to SeptemberHydatid disease24 0370·18100·42Not significantRabies23 0080·1722 597982·14June to NovemberNeonatal tetanus16 5340·13163899·07Not significantECM10 3900·07993790·18January to AprilDengue79580·0610·13September to OctoberLeptospirosis75870·05820426·89August to September (September)[‡](#tbl1fn3){ref-type="table-fn"}Anthrax37300·0284712·60July to AugustLeprosy35420·027205·65January to April (January)[‡](#tbl1fn3){ref-type="table-fn"}Kala-azar32470·025113·39Not significantCholera21020·01683·81August to OctoberPoliomyelitis200·0015150·00July to SeptemberAvian influenza H7N9190·0014152·63DecemberSARS[¶](#tbl1fn5){ref-type="table-fn"}100·000761100·00AprilPlague580·0004922379·31June to July, OctoberAvian influenza H5N1390·0003328717·95January to April, October to November (January)[‡](#tbl1fn3){ref-type="table-fn"}Filariasis190·00029152·63Not significantDiphtheria30·0001100·00May to July[^1][^2][^3][^4][^5]

Among the 54 984 661 cases of infectious disease, 132 681 deaths were recorded, representing an average yearly mortality of 1·01 deaths per 100 000 and case-fatality ratio of 2·41 deaths per 1000 cases per year. The infectious diseases with the highest mortality in terms of yearly case-fatality ratio were rabies (982·14 deaths per 1000 cases), avian influenza A H5N1 (717·95 deaths per 1000 cases), and plague (379·31 deaths per 1000 cases; [table 1](#tbl1){ref-type="table"}; [appendix pp 3, 4](#sec1){ref-type="sec"}).

Overall yearly incidence of the 45 infectious diseases was highest among male individuals compared with females, across all age groups, and incidence was highest among children younger than 10 years and was lowest among those aged 10--20 years ([figure 1A](#fig1){ref-type="fig"} ; [appendix p 7](#sec1){ref-type="sec"}). Overall yearly case-fatality ratios of the 45 infectious diseases were highest among men older than 20 years compared with their female counterparts, and they were lowest among children younger than 10 years and were highest among elderly patients older than 80 years, showing an increasing trend with rising age ([figure 1B](#fig1){ref-type="fig"}; [appendix p 7](#sec1){ref-type="sec"}).Figure 1Incidence and case-fatality ratios of 45 infectious diseases, by sex and age(A) Overall yearly incidence of 45 infectious diseases, by sex and age. (B) Overall yearly case-fatality ratios of 45 infectious diseases by sex and age. (C) Incidence of 45 infectious diseases by sex and age. Infectious diseases are grouped according to whether they had high incidence among children (group A), high incidence among adults (group B), increasing incidence trends by age and especially significant among men (group C1), high incidence among males in all age groups (group C2), high incidence among middle-aged men (group C3), and no significant features in terms of incidence by sex and age (group D). (D) Case-fatality ratios of 45 infectious diseases by sex and age. Infectious diseases are grouped according to whether they had no fatality in any age group (group A), high case-fatality ratios among children (group B), high case-fatality ratios among young people and middle-aged adults (group C), high case-fatality ratios among elderly people (group D), increasing trends in case-fatality ratios with age (group E), and no significant features in terms of case-fatality ratios by sex and age (group F). The incidence and case-fatality ratio for each infectious disease were standardised from 0 to 1 according to percentile rank, and represented by the colour scale (from 0 to 1; where 1 is the highest rate and 0 is the lowest rate). AD=amoebic dysentery. AHC=acute haemorrhagic conjunctivitis. BD=bacterial dysentery. ECM=epidemic cerebrospinal meningitis. HFMD=hand, foot, and mouth disease. NT=neonatal tetanus. OID=infectious diarrhoeal diseases other than cholera, bacterial dysentery, amoebic dysentery, typhoid, and paratyphoid. SARS=severe acute respiratory syndrome.

Children had a high incidence of 17 infectious diseases (categorised as group A in [figure 1C](#fig1){ref-type="fig"}): typhus, seasonal influenza, scarlet fever, rubella, pertussis, other infectious diarrhoeal diseases (ie, other than cholera, bacterial dysentery, amoebic dysentery, typhoid, and paratyphoid), neonatal tetanus, mumps, measles, kala-azar (visceral leishmaniasis), influenza A H1N1, hand, foot, and mouth disease, encephalitis, epidemic cerebrospinal meningitis, bacterial dysentery, acute haemorrhagic conjunctivitis, and amoebic dysentery. Adults had a high incidence of syphilis, schistosomiasis, hydatid disease (echinococcosis), dengue, and cholera (denoted group B in [figure 1C](#fig1){ref-type="fig"}). Furthermore, tuberculosis, leprosy, HIV infection, hepatitis C, and hepatitis B (group C1) showed an increasing trend of incidence by age, which was especially noticeable among men; rabies, malaria, leptospirosis, hepatitis E, and hepatitis A (group C2) showed high yearly incidence among males in all age groups; and haemorrhagic fever, gonorrhoea, brucellosis, and anthrax showed the highest incidence among middle-aged men (group C3).

Case-fatality ratios were high among children for five infectious diseases (denoted group B in [figure 1D](#fig1){ref-type="fig"}): scarlet fever, rubella, pertussis, neonatal tetanus, and hand, foot, and mouth disease. Young adults had high case-fatality ratios for leptospirosis, kala-azar, and dengue (denoted group C in [figure 1D](#fig1){ref-type="fig"}), and the case-fatality ratios for typhus, syphilis, seasonal influenza, schistosomiasis, paratyphoid, measles, hepatitis A, gonorrhoea, epidemic cerebrospinal meningitis, cholera, brucellosis, anthrax, and amoebic dysentery (group D) were high for middle-aged individuals. Ten infectious diseases showed an increasing trend of case-fatality ratios with age (group E): tuberculosis, other infectious diarrhoeal diseases, influenza A H1N1, HIV infection, hepatitis E, hepatitis C, hepatitis B, haemorrhagic fever, encephalitis, and bacterial dysentery. Data for incidence and case-fatality were further analysed by stratification of sex, age group, the diseases themselves, and transmission routes ([appendix pp 8--15](#sec1){ref-type="sec"}).

During the study period, the average overall incidence of the 45 infectious diseases increased from 300·54 cases per 100 000 in 2004 to 483·63 cases per 100 000 in 2013 ([figure 2A](#fig2){ref-type="fig"} ). The joinpoint regression indicated an annual percentage change of 5·9% (95% CI 4·3 to 7·6; p\<0·05; [table 2](#tbl2){ref-type="table"} ). However, the increasing trend varied across different periods, and the trend changed after 2009. The annual percentage change was 6·2% (95% CI 2·2 to 10·3; p\<0·05) from 2004 to 2008 and 2·3% (−3·0 to 8·0; p\>0·05) from 2009 to 2013, indicating a significant decrease in the second 5-year period ([figure 2B, 2C](#fig2){ref-type="fig"}). During the study period, the average case-fatality ratio increased from 1·86 deaths per 1000 cases in 2004 to 2·58 deaths per 1000 cases in 2013 ([appendix p 16](#sec1){ref-type="sec"}). However, the trend was not significant after 2005; specifically, no increasing trend was noted after 2009.Figure 2Joinpoint regression showing trends in overall incidence of 45 infectious diseases(A) Trend in overall incidence from 2004 to 2013. Red line denotes the overall incidence and orange shading denotes the 95% CI. Blue line denotes observed incidence. Solid vertical line at 2009 denotes the end of the first 5 years of the study and the beginning of the second 5 years. (B) Yearly APC in incidence and overall trend, from 2004 to 2008. Red squares denote the observed values and green line the slope of the APC. (C) Yearly APC in incidence and overall trend, from 2009 to 2013. Red squares denote the observed values and green line the slope of the APC. APC=annual percentage change.Table 2Annual percentage change in incidence of 45 infectious diseases, from 2004 to 2013**TrendAnnual percentage change (95% CI)p value**[\*](#tbl2fn1){ref-type="table-fn"}TotalIncrease5·9% (4·3 to 7·6)\<0·05Plague[†](#tbl2fn2){ref-type="table-fn"}Decrease−65·0% (−86·1 to −11·6)\<0·05CholeraDecrease−27·8% (−42·6 to −9·3)\<0·05Hepatitis ADecrease−14·8% (−17·6 to −11·9)\<0·05Hepatitis BStable0·8% (−1·1 to 2·9)0·4Hepatitis CIncrease19·2% (15·9 to 22·6)\<0·05Hepatitis EIncrease7·0% (4·6 to 9·4)\<0·05Bacterial dysenteryDecrease−10·9% (−11·7 to −10·0)\<0·05Amoebic dysenteryDecrease−10·8% (−13·6 to −7·8)\<0·05TyphoidDecrease−13·2% (−17·5 to −8·6)\<0·05ParatyphoidDecrease−17·6% (−20·9 to −14·1)\<0·05HIV infectionIncrease16·3% (11·5 to 21·2)\<0·05GonorrhoeaDecrease−8·5% (−11·7 to −5·1)\<0·05SyphilisIncrease16·3% (13·8 to 18·8)\<0·05Poliomyelitis[†](#tbl2fn2){ref-type="table-fn"}Stable7·0% (−27·6 to 58·3)0·7MeaslesStable−14·8% (−27·8 to 0·5)0·1PertussisDecrease−9·6% (−14·1 to −4·8)\<0·05Diphtheria[†](#tbl2fn2){ref-type="table-fn"}Stable−2·0% (−14·8 to 12·8)0·8ECMDecrease−27·2% (−29·9 to −24·4)\<0·05Scarlet feverStable8·8% (−0·5 to 18·9)0·1Haemorrhagic feverDecrease−7·5% (−10·9 to −4·0)\<0·05RabiesDecrease−8·2% (−12·3 to −3·8)\<0·05LeptospirosisDecrease−14·3% (−18·9 to −9·4)\<0·05BrucellosisIncrease14·1% (9·0 to 19·4)\<0·05AnthraxDecrease−11·0% (−12·7 to −9·4)\<0·05TyphusDecrease−7·4% (−9·5 to −5·3)\<0·05EncephalitisDecrease−13·9% (−20·3 to −6·9)\<0·05Kala-azarStable−5·6% (−13·2 to 2·8)0·2MalariaDecrease−26·1% (−33·7 to −17·6)\<0·05DengueStable18·4% (−21·2 to 77·8)0·4Neonatal tetanusDecrease−18·2% (−19·1 to −17·3)\<0·05TuberculosisDecrease−2·8% (−5·1 to −0·5)\<0·05SARS[†](#tbl2fn2){ref-type="table-fn"}Stable−6·8% (−29·9 to 23·8)0·6SchistosomiasisIncrease10·5% (5·9 to 15·4)\<0·05Filariasis[†](#tbl2fn2){ref-type="table-fn"}Decrease−68·8% (−86·5 to −27·6)\<0·05Hydatid diseaseIncrease24·0% (12·0 to 37·2)\<0·05LeprosyIncrease4·7% (0·8 to 8·6)\<0·05Seasonal influenzaStable11·4% (−3·6 to 28·8)0·1MumpsIncrease6·3% (1·6 to 11·2)\<0·05RubellaStable3·7% (−12·2 to 22·5)0·7Acute haemorrhagic conjunctivitisStable10·6% (−33·3 to 83·4)0·7Other[‡](#tbl2fn3){ref-type="table-fn"}Increase6·6% (3·3 to 10·0)\<0·05Avian influenza H5N1[†](#tbl2fn2){ref-type="table-fn"}[§](#tbl2fn4){ref-type="table-fn"}Stable24·5% (−5·4 to 63·8)0·1HFMD[†](#tbl2fn2){ref-type="table-fn"}[§](#tbl2fn4){ref-type="table-fn"}Stable49·7% (−3·8 to 132·7)0·1Influenza A H1N1[†](#tbl2fn2){ref-type="table-fn"}[§](#tbl2fn4){ref-type="table-fn"}Stable671·4% (−36·3 to 9243·0)0·1Avian influenza H7N9[†](#tbl2fn2){ref-type="table-fn"}[§](#tbl2fn4){ref-type="table-fn"}Stable14·8% (−23·3 to 71·8)0·5[^6][^7][^8][^9][^10]

Ten of the 45 infectious diseases showed significantly increasing trends in incidence from 2004 to 2013: hydatid disease, hepatitis C, HIV infection, syphilis, brucellosis, schistosomiasis, hepatitis E, other infectious diarrhoeal diseases, mumps, and leprosy (denoted as group B in [figure 3](#fig3){ref-type="fig"} ). In particular, hydatid disease, hepatitis C, syphilis, and HIV infection showed the fastest rates of growth, with annual percentage changes of 24·0% (95% CI 12·0 to 37·2), 19·2% (15·9 to 22·6), 16·3% (13·8 to 18·8), and 16·3% (11·5 to 21·2), respectively ([table 2](#tbl2){ref-type="table"}). Moreover, 20 infectious diseases showed significantly decreasing trends in incidence from 2004 to 2013 (denoted as group C in [figure 3](#fig3){ref-type="fig"}). In particular, filariasis, plague, and cholera showed the fastest reductions, with annual percentage changes of −68·8% (95% CI −86·5 to −27·6), −65·0% (−86·1 to −11·6), and −27·8% (−42·6% to −9·3), respectively ([table 2](#tbl2){ref-type="table"}). Although hand, foot, and mouth disease, influenza A H1N1, and avian influenza H7N9 were emerging during the study period, and avian influenza H5N1 was first noted in 2003,[@bib7] these diseases showed stable trends after emerging ([table 2](#tbl2){ref-type="table"}).Figure 3Trends in incidence for 45 infectious diseases, from 2004 to 2013Every concentric circle represents 1 year, starting with 2004 in the centre. Infectious diseases are grouped according to emerging status (group A), increasing (group B) or decreasing (group C) trends, or stable status (group D). The incidence and case-fatality ratio for each infectious disease were standardised from 0 to 1 according to percentile rank, and represented by the colour scale (from 0 to 1; where 1 is the highest rate and 0 is the lowest rate). HFMD=hand, foot, and mouth disease. AD=amoebic dysentery. AHC=acute haemorrhagic conjunctivitis. BD=bacterial dysentery. ECM=epidemic cerebrospinal meningitis. NT=neonatal tetanus. OID=infectious diarrhoeal diseases other than cholera, bacterial dysentery, amoebic dysentery, typhoid, and paratyphoid. SARS=severe acute respiratory syndrome.

Overall yearly incidence and case-fatality ratios of the 45 infectious diseases varied greatly between geographic areas. The three provinces with the highest overall yearly incidence of the 45 infectious diseases were Beijing (753·45 cases per 100 000), Xinjiang (748·37 cases per 100 000), and Zhejiang (689·88 cases per 100 000). The three provinces with the highest overall yearly case-fatality ratios were Yunnan (7·65 deaths per 1000 cases), Guangxi (6·29 deaths per 1000 cases), and Guizhou (4·82 deaths per 1000 cases). Among the 45 infectious diseases, those with the highest incidence were mainly distributed across 19 provinces ([figure 4A](#fig4){ref-type="fig"} ), and those with the highest case-fatality ratios were mainly distributed across 23 provinces ([figure 4B](#fig4){ref-type="fig"}).Figure 4Trends in incidence and case-fatality ratios of infectious diseases in different geographic areas of China(A) Incidence trends of the 45 infectious diseases in different Chinese provinces. The infectious diseases with the highest average incidence were distributed across the indicated provinces. Infectious diseases with increasing trends from 2004 to 2013 are presented in red; those with decreasing trends are in blue; and stable diseases are shown in black. (B) Case-fatality ratios of infectious diseases in different Chinese provinces. ECM=epidemic cerebrospinal meningitis. HFMD=hand, foot, and mouth disease. OID=infectious diarrhoeal diseases other than cholera, bacterial dysentery, amoebic dysentery, typhoid, and paratyphoid. SARS=severe acute respiratory syndrome.

Discussion {#cesec80}
==========

We report here the average overall yearly incidence, mortality, and case-fatality ratios of 45 infectious diseases in China from 2004 to 2013. The three infectious diseases with the highest incidence during this period were hand, foot, and mouth disease, hepatitis B, and tuberculosis. Trends in the incidence of major infectious diseases have varied in the past few years. Indeed, the incidence of dysentery, which was one of the three most common infectious diseases before 2006,[@bib3], [@bib14] decreased substantially between 2004 and 2013 and was replaced by hand, foot, and mouth disease.

Globally, the incidence of the three main infectious diseases---hand, foot, and mouth disease, hepatitis B, and tuberculosis---varies greatly between countries. Large outbreaks of hand, foot, and mouth disease are not common in the USA, but in some countries in Asia, outbreaks are large and frequent.[@bib19] In eastern Europe, Africa, and the Middle East, people with tuberculosis are mainly refugees, with a latent prevalence of 55%.[@bib20] Geographically, the prevalence of hepatitis B differs greatly. In China, the proportion of HBsAg carriers was 7·18% in 2006, which is significantly higher than the proportion of carriers in countries in Europe and North America.[@bib21]

In China, the high overall yearly incidence and mortality of the 45 infectious diseases could be related to high incidence and mortality in provinces near the remote Chinese border, such as Yunnan and Xinjiang. In these regions, a combination of factors can favour development and spread of infectious diseases---eg, different customs within the multiethnic population, limited access to health care, less efficient public health programmes and infrastructure, environmental degradation, and poverty. Furthermore, the reported yearly incidence, which is affected by detection levels and screening intensity, could vary between diseases and geographical areas.

In this study, significant seasonal features were noted for several infectious diseases, including acute haemorrhagic conjunctivitis, rubella, influenza A H1N1, and dengue. Seasonal features of infectious diseases are useful resources for inferring temporal and spatiotemporal transmission parameters, to better understand and predict the spread of disease.[@bib22] However, the seasonality of infectious diseases could be affected by geographical differences; our results indicated that there were two epidemic peaks of seasonal influenza, whereas this infectious disease was reported to have a dual seasonal pattern between southern and northern China.[@bib23]

Our findings indicated that overall yearly incidence of the 45 infectious diseases was high among male individuals and children, and overall yearly mortality was high for male individuals, children, and elderly people. Thus, specific strategies and measures should target these three populations. More than 95% of cases of childhood infectious disease are prevented by vaccines.[@bib24] However, low perceptivity of disease risk by individuals can lead to reduced participation in vaccination programmes.[@bib24] Vaccination programmes should strengthen society\'s understanding of infection and improve compliance with vaccination. A high incidence of infectious diseases in elderly people would be a great threat to public health and society in China, where 178 million people are older than 60 years, and this number is estimated to increase to approximately 423 million by 2050.[@bib25] The incidence and case-fatality ratios of infectious diseases among people older than 60 years are roughly three times the current average.

In recent decades, the overall incidence and mortality of infectious diseases have shown a striking decline in China.[@bib3] This sharp fall can be attributed to effective and large-scale public health interventions and large population-based vaccination programmes. However, the notable decreasing tendency of overall incidence was reversed in the past few years, with a gradual upward trend reported,[@bib3] which we have confirmed in our study of 45 infectious diseases. Several factors could account for this increasing trend. First, the timeliness of reporting has improved, with fewer missing reports, which is attributable to great technological progress in laboratory detection and case identification. Moreover, diagnosis of infectious diseases has improved gradually in recent decades. In particular, use of PCR rapid diagnosis technologies has become widespread in hospitals at all levels. An improvement in diagnostic levels for infections would affect incidence.[@bib26] Second, because of increasing antimicrobial resistance, augmented human connectivity, and changeable human behaviour, the threat of infection continues to rise.[@bib2] In China, more than 10% of the population has moved from poor rural areas to urban centres in search of better economic opportunities, which promotes transmission of infectious diseases.[@bib3] Furthermore, imported and emerging infectious diseases are correlated with socioeconomic, environmental, and ecological factors.[@bib5] Specific strategies and measures should be designed to counteract increasing trends in hydatid disease, hepatitis C, HIV infection, syphilis, brucellosis, schistosomiasis, hepatitis E, other infectious diarrhoeal diseases, mumps, and leprosy---eg, early surveillance and warning with enhanced screening, massive vector control, expansion of vaccine immunisation programmes, and reduction or exemption of treatment costs for infectious diseases. However, some discrepancies with previous reports in trends of infectious diseases (eg, schistosomiasis) need to be studied specifically in the future.[@bib27]

Although the overall yearly incidence of infectious diseases showed an increasing trend in China from 2004, fortunately, this trend changed after 2009. Furthermore, trends in incidence for 20 of 45 infectious diseases have decreased since 2004. After the 2003 SARS epidemic, the Chinese Government strengthened joint multisectoral cooperation and increased investments in infectious disease prevention and control. In particular, the major special national science and technology project on preventing and controlling infectious diseases began in China at the end of 2008,[@bib13] with a total investment of about US\$2·25 billion. The primary infectious diseases---including hepatitis B, tuberculosis, and HIV infection---have been contained effectively in a large-scale demonstration area (located in Zhejiang, Jiangsu, Shanghai, Shandong, Beijing, Gansu, Sichuan, Henan, Xinjiang, Guangdong, Yunnan, and Guangxi provinces), where the project has made improvements in perfecting, enhancing, and expanding screening, augmenting the vaccine immunisation programme, and reducing or exempting treatment costs for infectious diseases.[@bib21], [@bib28], [@bib29] In the past several decades, China has implemented various strategies to prevent the spread of infectious diseases. Some strategies have been proven effective, which could also serve as a model for other developing countries. These strategies include improvements in the water supply and sanitation, improvements in the safety of blood collection, massive vector control, expanding the vaccine immunisation programme, and early surveillance and warning with enhanced screening.

Some limitations of our study should be mentioned. Based on data from the reporting system, reported yearly incidence affected by screening intensity could be underestimated. Second, incidence could also be underestimated because of ascertainment bias by self-selection, in which individuals with a specific infectious disease are more likely to avoid screening than are people without that infection. Third, overall yearly incidence of the 45 infectious diseases was affected by the constituent incidence of each infectious disease in each province; thus, overall incidence should be considered with reference to each infectious disease and province. Moreover, potential bias could affect incidence and mortality reporting because of variations in diagnostic standards, technical levels, and experimental conditions in different departments or institutions.

In conclusion, since the 2003 SARS outbreak, no complete, systematic, long-term, and comprehensive description of infectious disease characteristics and trends has been available in China. We have described the epidemiological features of and changes in 45 infectious diseases (expanded from a previous report of 18 infectious diseases) during the longest period studied in post-SARS China. Moreover, although the overall incidence of infectious diseases was increasing, this trend was inflected after 2009, and 20 of 45 infectious diseases showed decreasing trends since 2004. Furthermore, incidence and mortality have varied substantially in the post-SARS era. Hand, foot, and mouth disease, hepatitis B, and tuberculosis have the highest yearly incidence, and hydatid disease, hepatitis C, and syphilis show the fastest increases. Thus, personalised and precise strategies for prevention and control of these diseases should be applied for specific populations, with an emphasis on children, elderly people, male individuals, and people living in specific regions.

**This online publication has been corrected. The corrected version first appeared at thelancet.com on April 19, 2017**
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[^1]: Total numbers for 10 years.

[^2]: Average for 10 years.

[^3]: Period in parentheses represents a more typical seasonal feature and the incidence of each disease is more concentrated during this period.

[^4]: Infectious diarrhoeal diseases other than cholera, bacterial dysentery, amoebic dysentery, typhoid, and paratyphoid.

[^5]: SARS data were not adequate for determining seasonal distribution. ECM=epidemic cerebrospinal meningitis. HFMD=hand, foot, and mouth disease. SARS=severe acute respiratory syndrome.

[^6]: A normal (*Z*) distribution was used to assess significance of the annual percentage change, and the parametric method was used to calculate 95% CIs. ECM=epidemic cerebrospinal meningitis. HFMD=hand, foot, and mouth disease. SARS=severe acute respiratory syndrome.

[^7]: Joinpoint program provides significant values as p\<0·05.

[^8]: When incidence data contained zero, we substitute the zero with 1% of the smallest incidence.

[^9]: Infectious diarrhoeal diseases other than cholera, bacterial dysentery, amoebic dysentery, typhoid, and paratyphoid.

[^10]: HFMD, influenza A H1N1, and avian influenza H7N9 were emerging during the period of study, and avian influenza H5N1 was emerging in 2003 according to a previous report.
